Four patients underwent lumbar surgery. In all four patients, the dura was minimally torn during the operation. However, none exhibited signs of postoperative cerebrospinal fluid leakage. In each case, a few days after the operation, the patient suddenly experienced severe recurring pain in the leg. Repeat magnetic resonance imaging showed transdural nerve rootlets entrapped in the intervertebral disc space. On exploration, ventral dural tears and transdural nerve rootlet entrapment were confirmed. Midline durotomy, herniated rootlet repositioning, and ventral dural tear repair were performed, and patients' symptoms improved after rootlet repositioning. Even with minimal dural tearing, nerve rootlets may become entrapped, resulting in severe recurring symptoms. Therefore, the dural tear must be identified and repaired during the first operation.
and discectomy (HLD) at L4-5 on the right side. During the operation, we noted that the ventral dura was severely adhered to the surrounding tissue. During dissection, the thinned dura was minimally torn. We applied the TachoComb ® at the dural tear site. There was no cerebrospinal fluid (CSF) leakage or rootlet herniation noted. The patient's symptoms initially improved considerably. Postoperative MRI showed good decompression ( Fig. 1) . However, after postoperative day 15, she developed extremely severe recurring radiating pain in the right leg. Repeat MRI showed that a rootlet was entrapped into the L4-5 disc space (Fig. 1) . A transdural repair was adopted. We found a rootlet entrapment through a widened ventral dural defect. The herniated rootlet was adhered to the surrounding tissue. Meticulous dissection was performed and we repositioned the entrapped rootlet and performed duroplasty. The patient's symptoms improved postoperatively and finally disappeared after 6 months.
INTRODUCTION
Transdural nerve root entrapment in the intervertebral disc space after incidental durotomy during lumbar disc surgery very rarely causes severe recurring radiating pain. The treatment of dural tear has evolved through time. Bed rest alone is no longer the definitive treatment for dural tear 6) . There are several methods for the repair of dural tear including primary repair, tissue sealant, blood patch, and tissue grafting 10) . We have reported 4 cases of lumbar rootlet entrapment in the intervertebral space after lumbar disc surgery, discuss the postulated mechanism, and provide a literature review.
CASE REPORT

Case 1
A 52-year-old female presented with a 2-month history of low back pain and right leg pain. Preoperative magnetic resonance imaging (MRI) showed disc herniation at L4-5 on the right side (Fig. 1) . The patient underwent hemilaminectomy Transdural Nerve Rootlet Entrapment in the Intervertebral Disc Space through Minimal Dural Tear : Report of 4 Cases through the dural defect was confirmed. The small ventral dural defect may not have been identified during the previous operation. We repositioned the entrapped rootlet and performed duroplasty. Her symptoms improved and finally disappeared after 6 months.
pain and left leg pain. Initial MRI showed disc bulging at L2-3 and L3-4 and foraminal stenosis at L4-5 bilaterally (Fig.  2) . He underwent bilateral HLD at L2-3 and L3-4, together with the insertion of a DIAM (Medtronic, Inc., TN, USA). After brief improvement, he experienced a severe recurrence of symptoms. Over a 5-month period, he underwent HLD, percutaneous endoscopic lumbar discectomy (PELD), and unilateral transforaminal lumbar interbody fusion (TLIF) at L4-5 on the left side. However, the left leg pain persisted. Repeat MRI showed rootlet entrapment in the L2-3 disc space (Fig. 2) . Magnetic resonance myelography showed continuity of the CSF within the disc space (Fig. 2) . We suspected that the severe recurring leg pain was caused by rootlet entrapment that had developed after the first operation. We performed unilateral TLIF at L2-3. There was a ventral dural defect, which was not observed during the first operation, and rootlet entrapment in the intervertebral disc space. We repositioned the entrapped rootlet and closed of the dural defect. During the operation, we noted that the L2-3 disc space was filled with CSF. The patient's symptoms improved and finally disappeared after 6 months.
Case 3
A 49-year-old female had back pain and left leg pain for 6 months. Initial MRI showed extraforaminal disc herniation at L4-5 on the left side (Fig. 3) . She underwent PELD at this location. Her symptoms improved but recurred after 2 months. Repeat MRI showed recurrence of extraforaminal and paramedian disc herniation at the L4-5 level on the left side (Fig. 3) . She underwent HLD on the left side with interspinous soft stabilization at the L4-5 level. During the operation, a severe ventral dural adhesion was observed that was attributed to prior endoscopic surgery. The patient's symptoms improved after surgery. However, she again complained of left leg pain after 20 days. Repeat MRI showed rootlet entrapment through a dural defect at the L4-5 level on the left side (Fig. 3) . During subsequent operation, L5 nerve root entrapment performed anterior lumbar interbody fusion (ALIF), lateral screw insertion, and OPLL removal at L1-2. During ALIF, the ventral dura was torn and this dural defect was compactly sealed with TachoComb ® and fibrin glue. This treatment stopped the CSF leakage, and the patient's symptoms improved postoperatively. However, after 2 months, she complained of severe recurring pain in both legs. Repeat MRI showed rootlet entrapment through the ventral dural defect site at L1-2 (Fig. 4) . We repositioned the entrapped rootlet and performed duroplasty. Her symptoms improved and finally disappeared after 6 months.
DISCUSSION
The recurrence of radiating pain after spinal surgery has many causes. Recurrent disc herniation, remnant herniated disc material, postoperative epidural hematoma, and nerve root inflammation can all cause recurrence of this radiating pain. A few studies have reported rare causes of postoperative recurrence of radiating pain, such as the presence of a pseudomeningocele and posttraumatic spinal cord or nerve root herniation through a dural defect site 2, 3, 9, [11] [12] [13] 15, 17) . However, only a few cases of nerve root entrapment in the intervertebral space after lumbar disc surgery have been reported 17) . In most cases, the occurrence of a pseudomeningocele and posttraumatic spinal cord or nerve root herniation after spinal surgery is due to the presence of a dural tear that arises from the dorsal aspect. However, in the case of nerve root entrapment in the intervertebral space, the iatrogenic dural tear is located on the ventral side.
The incidence of unintended intraoperative durotomy is between 0.3% and 17.4% and varies depending on the type of surgical procedure 1, 4, 5, 8, 10, [12] [13] [14] 16) . Because many patients do not show symptoms, the exact incidence of postoperative pseudomeningocele is not known, but the overall incidence is reported to be less than 2% 1, 5, 9, 11, 15) . An iatrogenic pseudomeningocele can also occur after a lumbar puncture 7) . However, iatrogenic entrapment of the nerve root in the intervertebral
Case 4
A 59-year-old female presented with a 1-month history of back pain and bilateral leg pain, more severe on the left. Preoperative MRI showed disc herniation at L1-2, ossification of the posterior longitudinal ligament (OPLL), central spinal stenosis at L1-2, and fusion of L2-3-4-5 with pedicle screws (Fig. 4) . We . One study reported that bed rest is not a definitive treatment; in this study, the patients who did not undergo dural repair developed complications 6) . These patients eventually underwent dural repair. Another study reported that the Valsalva maneuver may help identify the dural tear in suspected cases 10) . The authors also reported that prompt identification and careful closure of the dural tear during the first surgery leads to a successful outcome.
In our four cases, prompt diagnosis and operation were performed in all cases except case number 2. In case 2, correct diagnosis was delayed and the patient suffered from radiating pain for several months. However, postoperatively, there was no neurologic deficit, and there was good improvement in all cases. If a patient presented with recurrent pain after brief improvement, the surgeon must cautiously watch the operated level first.
CONCLUSION
Iatrogenic thinning and tearing of the dura can cause rootlet entrapment even if the dura is minimally torn. The results obtained for our cases indicate that complete surgical repair of the ventral dura defect is required to prevent nerve rootlet entrapment and other complications, even if the dural defect is minimal. If a dural tear is suspected, a Valsalva maneuver should be performed before wound closure even if there is no CSF leakage.
space through a ventral dural defect is extremely rare. One article reported 2 cases of nerve root entrapment in the intervertebral space after lumbar disc surgery 17) . The author noted that a small dural defect, particularly one that was located at the level of the intervertebral space, could lead to transdural root herniation and root entrapment in the intervertebral space. This is the only article reporting nerve root entrapment in the intervertebral space after lumbar disc surgery.
The mechanism postulated for nerve root entrapment in the intervertebral space is a water-hammer effect resulting from the difference between the intradural pressure and the intervertebral space pressure 7, 12) . Intradural pressure may increase while standing or straining 12) . This increased intradural pressure may cause compression of the spinal cord leading to widening of small unrepaired dural defects. Increased intradural pressure forces the dura and the nerve rootlet into the intervertebral space. The nerve rootlet can become entrapped in the intervertebral space through the dural defect, causing rootlet irritation, leading to severe radiating pain.
Rootlet entrapment can be diagnosed by MRI. The typical appearance of rootlet entrapment is a beak-like appearance of the ventral dura and rootlet in the sagittal view. In the axial view, the entrapped rootlets are located in the intervertebral disc space. A magnetic resonance myelogram can also show CSF leakage into the involved disc space. However, the diagnostic value of myelography is limited if the subarachnoid space does not extend outside the dural space. Before exploration, it is important to obtain a radiographic image to confirm the location of the dural defect.
An iatrogenic dural tear causes a poor clinical outcome 16) . It may cause fistula formation, meningitis, arachnoiditis, or an epidural abscess. In addition, a pseudomeningocele may entrap nerve roots or the spinal cord and cause radicular symptoms 1, 9, 13, 15, 16) . One study reported that of 6 patients with a dural defect that was not repaired during the first operation, 5 developed psuedomeningocele, and all 6 patients eventually underwent dural repair because of failure of conservative therapy 4) . Another study reported a case of cauda equina syndrome resulting from a pseudomeningocele; the cauda equina syndrome was caused by herniation of the cauda equina roots through the dural defect 1) . Another study reported that patients with incidental durotomy had poorer outcomes after surgery; in this 10-year follow-up study, a significant number of patients with incidental durotomy complained of headaches after surgery 16) . In addition, patients with incidental durotomy tended to undergo repeat operations and were unable to work for a longer duration. These patients also had increased back pain and functional limitations related to back pain.
Surgically accessing the ventral or lateral side of the dura is difficult 5) . CSF leakage does not usually occur in these cases, particularly in the cases of small dural tears on the ventral side. Therefore, a surgeon may neglect the risk of complications. Although conservative treatments such as bed rest and closed
